Introduction
============

Preterm birth (PTB), defined as delivery at \<37 weeks of gestation, is the most important cause of neonatal morbidity and mortality.[@b1-ijwh-8-633],[@b2-ijwh-8-633] Two-thirds of PTBs are spontaneous, and one-third comprises induced PTB for medical reasons, mainly preeclampsia and/or fetal growth restriction.[@b3-ijwh-8-633] The estimate of 13 million preterm infants born each year worldwide is most probably an underestimation, as most countries have an incomplete birth registration. The risk of neonatal morbidity and mortality is inversely related to gestational age at delivery.[@b4-ijwh-8-633],[@b5-ijwh-8-633] Children who are born preterm often have short-term morbidities such as respiratory difficulties (infant respiratory distress syndrome), periventricular leukomalacia, intracranial hemorrhage, bronchopulmonary dysplasia, patent ductus arteriosus, necrotizing enterocolitis, retinopathy of prematurity, and infection.[@b6-ijwh-8-633],[@b7-ijwh-8-633] In the long term, many of these children suffer from neurological and developmental disabilities.[@b8-ijwh-8-633] Apart from the medical sequela of PTB, prematurity also has large economic consequences.

In an English hypothetical cohort, total costs of PTB in the public sector were estimated to be 4.567 billion US dollars. The costs per surviving child decreased when the gestational age in weeks was higher. The estimated incremental costs per preterm child surviving to 18 years compared to a term survivor were 35.471 US dollars. These costs were significantly higher in the extreme premature group.[@b9-ijwh-8-633]

Prevention of PTB remains as one of the main goals in the obstetric care.[@b3-ijwh-8-633] The United Nations Millennium Development Goal 4 targeted two-thirds reduction of under-five deaths between 1990 and 2015, but this goal was not reached. However, the mortality rate has declined by more than half,[@b10-ijwh-8-633] possibly due to several interventions to prevent PTB that were introduced in the past decades. Both mechanical interventions such as a cerclage or a cervical pessary and pharmacological interventions using progesterone were evaluated on a large scale.

This review provides an overview of the current available literature on screening and prevention of PTB categorized by several risk groups. This overview helps clinical caregivers to identify women at risk for PTB and provides information on the best preventive strategies to prevent PTB. Furthermore, future prospects of the authors on prevention of spontaneous PTB are discussed.

Risk factors
============

The first step in the prevention of PTB is accurate risk assessment and screening for risk factors for a preterm delivery. PTB is a complex syndrome in which various risk factors play an important role. Risk factors for PTB can be divided into following categories: -- maternal risk factors: ethnicity, high or low maternal body mass index (BMI), smoking, and maternal periodontal disease;-- maternal medical history: uterine abnormalities and prior excisional cervical procedures;-- obstetric history: previous curettage, previous PTB;-- current pregnancy: pregnancy interval and multiple gestations.

In addition to these risk factors, bacterial vaginosis, short cervical length, and positive fetal fibronectin could be used as screening targets to identify women at risk for PTB.

Maternal risk factors
---------------------

### Ethnicity

There are ethnic disparities in the risk for PTB. A meta-analysis by Schaaf et al[@b11-ijwh-8-633] indicated a higher risk of PTB among non-White women (odds ratio \[OR\] 2.0; 95% CI 1.8--2.2) compared to Caucasian women. In contrast, adverse neonatal outcomes were significantly lower in African women compared to the Caucasian women.[@b12-ijwh-8-633] Future research should take these figures into account, especially when testing interventions that may have different effects among different ethnic populations.

### Extreme high or low maternal BMI

Women at the extremes of pre-pregnancy BMI are at higher risk for PTB.[@b13-ijwh-8-633] Women with an extreme low BMI (\<17 kg/m^2^) have a significantly higher risk of spontaneous PTB (OR 2.4; 95% CI 1.4--4.2). An explanation for this could be that chronic maternal undernutrition causes a deficiency in both macro- and micronutrients. This influences the normal fetal growth process negatively. Moreover, nutritional elements such as iron and zinc are essential for an adequate immune system. A deficiency possibly leads to increased susceptibility to infection and therefore a higher risk for PTB.[@b14-ijwh-8-633] In women with an extremely high BMI (≥35 kg/m^2^), this risk is increased due to a higher chance for premature rupture of the membranes (OR 1.6; 95% CI 1.1--2.3). It is hypothesized that higher number of circulating inflammatory agents in obese women contributes to a higher chance of premature rupture of the membranes. Public campaigns should inform the public on this association, and this information should be used in preconception counseling.

### Smoking

Smoking during pregnancy is a well-known risk factor for PTB. Around 1960, the first articles already described a relationship between smoking cigarettes and prematurity rates.[@b15-ijwh-8-633],[@b16-ijwh-8-633] Since then large prospective studies have shown the correlation between smoking and prematurity.[@b17-ijwh-8-633] A comparative cohort study showed highest rates of PTB in women who were smoking during pregnancy (OR 3.21; 95% CI 1.42--7.23) compared to women who stopped smoking during pregnancy and nonsmokers.[@b18-ijwh-8-633] Over the past years, governments invested in public campaigns against smoking. A recent meta-analysis revealed a significant drop in the number of PTBs since the smoke-free legislation (−10.4%; 95% CI −18.8 to −2.0).[@b19-ijwh-8-633] In many countries, recently a reduction is seen in the number of smokers. This indicates that behavioral strategies (eg, education, rules, and legislation) can help in preventing PTB. Further awareness campaigns may decrease the smoking-associated PTB rate.

### Maternal periodontal disease

Periodontal disease is associated with spontaneous PTB.[@b20-ijwh-8-633] Remote site infections, such as in periodontal disease, might trigger PTB because of hematogenous spread of pathogens, inflammatory cytokines, and organisms.[@b21-ijwh-8-633] It is hypothesized that treatment of periodontal disease during pregnancy might reduce PTB and improve perinatal outcomes. However, inconclusive findings have been reported. In an obstetrics and periodontal therapy study, a randomized controlled trial (RCT) comprising 823 women observed no reduction of PTB in the group of women treated for periodontal disease (OR 0.93; 95% CI 0.63--1.73).[@b22-ijwh-8-633] A more recent RCT by Newnham et al[@b23-ijwh-8-633] had similar observations (OR 1.05; 95% CI 0.7--1.58). In conflict, a large meta-analysis in the same year including 2,663 patients reported a reduction in PTB rates (OR 0.55; 95% CI 0.35--0.86) in the treatment group.[@b24-ijwh-8-633] However, the trial by Newnham et al was not included in this meta-analysis. Routine treatment of periodontal disease during pregnancy to prevent PTB is not recommended, but further studies to evaluate the possible benefits from periodontal treatment before conception should be performed.

Maternal medical history
------------------------

### Uterine anomalies

Uterine anomalies such as uterine septum, unicornuate uterus, uterine didelphys, and bicornuate uterus are known to be associated with PTB. A retrospective cohort study comprising 203 singleton gestations in women with a uterine anomaly reported a significantly higher risk of spontaneous PTB \<37 weeks compared to women with a normal anatomy (OR 5.9; 95% CI 4.3--8.1).[@b25-ijwh-8-633] A systematic review reported increased PTB rates before 37 weeks (risk ratio \[RR\] 2.14, 95% CI 1.48--3.11; RR 2.97, 95% CI 2.08--4.23) in women with (sub)septate uteri and unification defects (unicornuate, bicornuate, and didelphys uteri), respectively.[@b26-ijwh-8-633] At this moment, hysteroscopic resection of the septum is a subject of debate. There is no convincing evidence concerning its effectiveness and safety. An ongoing RCT assesses this procedure.[@b27-ijwh-8-633]

### Prior excisional cervical procedures

Women who had a prior excisional procedure for cervical dysplasia have an overall risk of spontaneous PTB before 35 weeks of \~13%.[@b28-ijwh-8-633] Conner et al[@b29-ijwh-8-633] performed a meta-analysis assessing the association between loop electrosurgical excision procedure and PTB. They reported a higher risk of spontaneous PTB \<37 weeks in the group that underwent a loop electrosurgical excision procedure (pooled RR 1.60; 95% CI 0.99--2.55); however, this was not statistically significant. Danhof et al[@b30-ijwh-8-633] performed a meta-analysis comparing women treated for cervical intraepithelial neoplasia before or during pregnancy to women with an untreated cervical intraepithelial neoplasia. They reported a significantly higher risk for PTB in the treated group (OR 1.7; 95% CI 1.0--2.7). The risk was highest in women treated during pregnancy (OR 6.5; 95% CI 1.1--37).

Obstetric history
-----------------

### Curettage in history

Women with a previous pregnancy loss (either termination or miscarriage) managed by cervical dilatation and curettage are at higher risk for spontaneous PTB (OR 1.66; 95% CI 1.14--2.42). The risk increased twofold in women with two curettage procedures.[@b31-ijwh-8-633] Lemmers et al[@b32-ijwh-8-633] performed a meta-analysis including 21 studies reporting on 1,853,017 women. In women with a dilatation and curettage procedure, a higher risk of PTB before 37 weeks was reported, compared to the group with no such history (OR 1.29; 95% CI 1.17--1.42). ORs for PTB \<32 weeks (OR 1.69; 95% CI 1.20--2.38) and \<28 weeks (OR 1.47; 95% CI 1.47--1.92) were even higher. A more recent meta-analysis by Saccone et al[@b33-ijwh-8-633] reported that a prior surgical management of either a spontaneous abortion (OR 1.19; 95% CI 1.03--1.37) or an indicated termination of pregnancy (OR 1.52; 95% CI 1.08--2.16) is an independent risk factor for a PTB. The exact mechanism that leads to the increased risk remains unclear, although mechanical damage to the cervix seems a logical explanation. A noninvasive management approach for termination of pregnancy or nonviable pregnancies has been proven a good alternative for mechanical procedures. Therefore, it is strongly recommended and may prevent future cases of PTB. National guidelines should strongly emphasize this association, and women should be counseled for a noninvasive management approach.

### Previous PTB

A history of PTB is the most important risk factor for recurrence of PTB. The risk for a recurrent PTB increases if there is more than one PTB. Moreover, the risk is increased if the gestational age of the previous PTB was lower.[@b34-ijwh-8-633] Recurrence risk of a preterm singleton delivery before 37 weeks of gestation ranges from 15.8% to 30.2%. In women with previous preterm twins, recurrence risk in a following singleton gestation is \~10%. For a following twin gestation after a previous preterm singleton delivery, the recurrence risk is 57% (95% CI 51.9--61.9).[@b35-ijwh-8-633]

Current pregnancy
-----------------

### Pregnancy interval

Both shorter and longer pregnancy intervals (\<18 months and \>60 months) have been associated with a higher risk of PTB. However, it is still unclear whether this association is the effect of confounding by other risk factors.[@b36-ijwh-8-633] So far, no causal effect between short or long pregnancy interval and adverse neonatal outcome can be determined. Women with a recent PTB should be counseled that a short pregnancy interval probably increases the risk of PTB.

### Multiple gestations

In 2013, the twin birth rate in the US was 33.7 per 1,000 births. Women with a multiple gestation are known to be at increased risk of PTB. In 2013 in the USA, 57% of twin gestation delivered before 37 weeks, of which 11% delivered very premature (before 32 weeks).[@b37-ijwh-8-633] In 2013, a decline in the number of triplet and other high-order pregnancies was observed. This decline has been addressed to a change in assisted reproductive technology (ART) procedures.[@b38-ijwh-8-633] In the Netherlands, a single-embryo transfer policy has resulted in an impressive decrease of multiple pregnancies as a result of ART procedures. In 2014, 3.8% of the pregnancies as a result of ART were a multiple gestation, compared to 22.2% in 2003.[@b39-ijwh-8-633] Global PTB rates can be further reduced by extensive implementation of single-embryo transfer.

Screening for PTB
=================

Effective screening and prevention of PTB vary between the different pregnancy populations, and screening tools can be adjusted to the risk category of this pregnancy. Women with a singleton gestation without previous PTB have a lower risk for a PTB compared to women with a twin gestation. In women with a multiple gestation, almost 60% deliver premature.[@b3-ijwh-8-633] Women with a previous PTB have a significantly higher chance of a recurrence compared to women without PTB in the past (21.7% vs 8.8%; *P*≤0.001).[@b40-ijwh-8-633] In this review, we discuss both screening and prevention strategies that have shown to be effective in women with a singleton pregnancy without PTB, multiple pregnancies, and women with a previous PTB.

For an optimal prevention of PTB, risk stratification should be based on a combination of all risk factors including obstetric history and screening tools.

Bacterial vaginosis
-------------------

Bacterial vaginosis is an abnormal vaginal condition that results from overgrowth of *Gardnerella vaginalis*, *Mobiluncus*, *Bacteroides* spp., and *Mycoplasma hominis*, which replace the normal vaginal lactobacilli.[@b41-ijwh-8-633] Bacterial vaginosis is associated with an increased risk of PTB. A meta-analysis in 2007 by Leitich et al[@b42-ijwh-8-633] in 30,518 women showed that bacterial vaginosis doubles the risk for spontaneous PTB in asymptomatic women (OR 2.16; 95% CI 1.56--3.00). In women with a twin gestation, this association remains unclear. A meta-analysis by Conde-Agudelo et al of three studies[@b43-ijwh-8-633]--[@b45-ijwh-8-633] reported low predictive value of bacterial vaginosis in twin pregnancies with sensitivities and specificities between 0% and 23% and 78% and 82%, respectively. Positive and negative likelihood ratios (LRs) ranged between 0.6 and 1.0 and 1.0 and 1.2.[@b46-ijwh-8-633]

Based on current literature, there is no evidence that all pregnancies should be screened for bacterial vaginosis. A Cochrane review from 2013 including 21 trials reported that no effect on the PTB rate before 37 weeks of gestation (RR 0.88; 95% CI 0.71--1.09) was seen when asymptomatic bacterial vaginosis was treated in both low-risk and high-risk singleton pregnancies.[@b47-ijwh-8-633] However, Thinkhamrop et al[@b48-ijwh-8-633] showed beneficial effects of treatment in high-risk singleton pregnancies in a Cochrane review, with a reduction in PTB (RR 0.64; 95% CI 0.47--0.88). Furthermore, Lamont et al[@b49-ijwh-8-633] conducted a systematic review and meta-analysis assessing the administration of clindamycin to women with bacterial vaginosis. This study comprised 2,346 women and showed a beneficial effect of clindamycin \<22 weeks on both spontaneous PTB \<37 weeks (RR 0.60; 95% CI 0.42--0.86) and late miscarriages (RR 0.20; 95% CI 0.05--0.76). This implies that screening for bacterial vaginosis with the use of a Nugent score test and adequate treatment of bacterial vaginosis with clindamycin in women with a history of PTB may be considered.

Cervical length
---------------

### Women with a singleton pregnancy without previous PTB

A short mid-pregnancy cervical length is associated with a high risk of spontaneous PTB.[@b50-ijwh-8-633],[@b51-ijwh-8-633] The relative risk of preterm delivery increases as the length of the cervix shortens. A cervical length \<22 mm (fifth percentile) is associated with a relative risk of PTB of 9.49 with a 95% CI of 5.95--15.15. A large study assessing predictive factors for PTB in a low-risk population revealed that cervical ultrasonography had the best sensitivity, almost 40%. However, this still implicates a poor predictive value in a low-risk population.[@b52-ijwh-8-633]

In a Dutch trial assessing the predictive capacity of cervical length screening for PTB, almost 12,000 women with a singleton gestation were screened. LRs for a cervical length between 30 mm and 35 mm were 2.0 (95% CI 1.6--2.5) and 1.5 (95% CI 0.97--2.2) for nulliparous women and multiparous women without a history of spontaneous PTB \<34 weeks of gestation, respectively.[@b53-ijwh-8-633] Whether the introduction of universal cervical length screening will lead to a reduction in PTB is subject to debate. Recent studies have shown a reduction in the total number of PTBs and cost-effectiveness of this strategy. In our opinion, there is sufficient evidence to implement universal cervical length screening, as several therapeutic options in case of a short cervical length are present, such as progesterone or pessary.

### Women with uterine anomalies and/or prior excisional procedure

In women with uterine anomalies, a cervical length \<25 mm is predictive for PTB \<35 weeks (LR+ 8.1; 95% CI 3.1--21).[@b54-ijwh-8-633] Miller and Grobman[@b55-ijwh-8-633] performed a retrospective cohort study in women who underwent a routine cervical assessment. Women with a prior excisional procedure more often had a short cervix (\<30 mm) (6.5% vs 1.5%, *P*\<0.001). In the study of Berghella et al,[@b28-ijwh-8-633] a cervical length \<25 mm was associated with a significant risk for PTB before 35 weeks (RR 4.74; 95% CI 1.57--15.3) in women with a prior excisional procedure. Crane et al[@b56-ijwh-8-633] reported that cervical length \<30 mm after 24 weeks of pregnancy is associated with PTB before 37 weeks (OR 3.45; 95% CI 1.28--10.0). However, these results are based on a small subgroup (n=75) of women with a previous loop electrosurgical excision procedure. Cervical length screening at mid-pregnancy is advised in women with prior cervical excisional procedures or a uterine anomaly.

### Women with a multiple pregnancy without previous PTB

A prospective study by Goldenberg et al[@b45-ijwh-8-633] in 1996, evaluating screening for risk factors in twin pregnancies, showed that a cervical length \<25 mm at 24 weeks is associated with spontaneous PTB before 37 weeks (OR 6.9; 95% CI 2.0--24.2). A meta-analysis by Conde-Agudelo et al[@b57-ijwh-8-633] in 3,213 asymptomatic women revealed that a mid-trimester cervical length ≤25 mm had a pooled positive LR of 9.6 (95% CI 5.8--14.8) to predict early PTB before 28 weeks. In this group, a cervical length ≤20 mm was the most accurate in predicting PTB before 32 weeks and 34 weeks (positive LR 10.1 and 9.0, respectively).[@b57-ijwh-8-633] In twin pregnancies, routine screening for cervical length is still being debated. In our opinion, in view of the recent scientific progress showing a possible benefit in women with a short cervix of administration of progesterone or pessary, screening for cervical length at mid-pregnancy should be offered in multiple pregnancies. In case of a short cervix, women can have an informed choice to participate in ongoing trials assessing preventive strategies.

### Women with a previous PTB

Since a short cervical length has been shown to be one of the best predictors in PTB, women with a previous preterm delivery are often offered screening for cervical length before 24 weeks pregnancy. A mid-trimester cervical length \<25 mm has an LR+ of 2.9 (95% CI 2.1--3.9) in women with a previous PTB. The LR increased as the cervical length cutoff shortened.[@b58-ijwh-8-633] Berghella et al[@b59-ijwh-8-633] showed that the risk of a spontaneous PTB declined by \~6% for each additional millimeter cervical length. In a study of Iams et al[@b51-ijwh-8-633] combining both cervical length measurement and fetal fibronectin, the recurrence risk increased as cervical length shortened in both fibronectin-positive and -negative women.

Therefore, we recommend screening for cervical length in this high-risk population.

Fetal fibronectin
-----------------

Fetal fibronectin is a glycoprotein that is found in the extracellular matrix between the amniotic membranes and the decidua. It is hypothesized that damage to the fetal membranes may cause a higher concentration of fetal fibronectin in cervicovaginal secretions. Therefore, it is often used to predict delivery within 7 days in symptomatic women.[@b60-ijwh-8-633]

### Women with a singleton pregnancy without previous PTB

A prospective cohort by Goldenberg et al[@b61-ijwh-8-633] in 2,929 low-risk singleton pregnancies revealed an association between a positive fibronectin test and PTB before 28 weeks (sensitivity 0.63, specificity 0.98, and RR 59.2; 95% CI 35.9--97.8) A secondary analysis in this cohort by Iams et al[@b52-ijwh-8-633] in 2,197 low-risk women showed that a positive fetal fibronectin assay is significantly related to PTB before 35 weeks (RR 8.2; 95% CI 4.8--13.9); however, the test has a low sensitivity (23.4%). Fetal fibronectin as a screening test in asymptomatic women is therefore not recommended.

### Women with uterine anomalies and/or prior excisional procedure

There is no evidence for fetal fibronectin as a screening test in women with uterine anomalies or a prior excisional procedure.

### Women with a multiple pregnancy without previous PTB

In multiple pregnancies, conflicting results have been published reporting the predictive value of fetal fibronectin. A retrospective cohort by Fox et al[@b62-ijwh-8-633] assessing the predictive value of a fetal fibronectin test in twin pregnancies with a normal cervical length \>25 mm) found an independent association between a positive fetal fibronectin test and PTB \<32 weeks (OR 6.8; 95% CI 1.42--32.2).

Conde-Agudelo et al[@b46-ijwh-8-633] performed a systematic review and meta-analysis to evaluate the predictive test accuracy of fetal fibronectin in multiple gestations. This meta-analysis included 15 studies with 1,221 asymptomatic and symptomatic women. Among asymptomatic women with a multiple pregnancy, the pooled sensitivities and specificities of fetal fibronectin ranged from 33% to 45% and 80% to 94%, respectively, for predicting PTB before 32 weeks, 34 weeks, and 37 weeks. LRs ranged between 2.0--5.5 and 0.68--0.76 for PTB \<32 weeks, 34 weeks, and 37 weeks.[@b46-ijwh-8-633] This is low compared to the accuracy of mid-trimester cervical screening. Fetal fibronectin screening does not seem to add clinical value to cervical length screening in multiple pregnancies and is therefore not recommended.

### Women with a previous PTB

There are conflicting results regarding the use of fetal fibronectin in women with a previous PTB. Iams et al concluded that in women with a prior PTB, fetal fibronectin was the most powerful single predictor. Predicted recurrence risk of spontaneous PTB before 35 weeks doubles in women with a positive fibronectin test, compared to those with a negative test. Women with a cervical length \<25 mm and a positive fibronectin test had the highest recurrence risk (64%).[@b51-ijwh-8-633] However, a cohort of 176 high-risk singleton pregnancies by Romero et al[@b63-ijwh-8-633] did not show an association between a positive fetal fibronectin test and recurrent PTB before 34 weeks (OR 0.65; 95% CI 0.043--9.7). Moreover, the positive and negative LRs were 1.22 and 0.98, respectively, indicating a very low accuracy. In this high-risk group, it is therefore not recommended to routinely perform a fetal fibronectin test.

Prevention of PTB
=================

Several preventive measures have been examined over the past decades. Certain risk factors, such as sociodemographic factors, cannot be adjusted; however, this information can be used to determine women's individual risk profile. Clinical caregivers can inform patients on their risks. There are potential preventive interventions, including progesterone, cervical pessary, and cerclage, that have been studied in different patient populations. In this section, we discuss these interventions and their application within the different patient categories.

Progesterone
------------

Progesterone is a hormone known for its role in maintaining pregnancy. In the early stage of the pregnancy, this hormone is produced by the corpus luteum.[@b64-ijwh-8-633],[@b65-ijwh-8-633] Progesterone concentrations in peripheral blood drop before the onset of labor in most mammalian species. Nevertheless, this mechanism is not present in humans.[@b66-ijwh-8-633] It is known that administration of progesterone receptor antagonists to pregnant women causes cervical ripening and shortening and can lead to onset of labor.[@b67-ijwh-8-633],[@b68-ijwh-8-633] For this reason, it has been proposed that progesterone administration can prevent preterm cervical ripening.

### Women with a singleton pregnancy without previous PTB

In a low-risk singleton population, multiple studies have assessed the effect of progesterone in reducing PTB. In 2013, an individual patient data meta-analysis (IPD meta-analysis) including women with a short cervix (\<25 mm) showed a reduction of PTB \<28 weeks of gestation (RR 0.51; 95% CI 0.31--0.85), \<33 weeks of gestation (RR 0.56; 95% CI 0.40--0.80), and \<35 weeks of pregnancy (RR 0.67; 95% CI 0.51--0.87). The composite neonatal morbidity and mortality were lower in the group that was using vaginal progesterone (RR 0.59; 95% CI 0.38--0.91).[@b69-ijwh-8-633] In 2013, a Cochrane meta-analysis including four trials involving 1,556 singleton gestations with a short cervix reported that women using vaginal progesterone were less likely to deliver before 34 weeks of gestation (RR 0.64; 95% CI 0.45--0.90).[@b70-ijwh-8-633] For neonatal outcomes (infant respiratory distress syndrome, mortality, sepsis, etc), no significant difference was identified. A recent randomized placebo-controlled trial by Norman et al[@b71-ijwh-8-633] comprising 1,228 women assessed the effect of vaginal progesterone as prophylaxis for PTB and reported no reduction in PTB \<34 weeks or fetal death (OR 0.69; 95% CI 0.39--1.20) or composite adverse neonatal outcome (OR 0.54; 95% CI 0.25--1.16) in the short cervix subgroup. However, neonatal death and brain injury on ultrasound, components of the composite outcome, were significantly reduced in the progesterone group. In addition, point estimates are in the direction of benefit of progesterone, similar to those reported in the Cochrane meta-analysis.

An individual participant data analysis can provide new information on the use of progesterone and overcome complexities such as different progestogens (vaginal or muscular), different inclusion criteria used in previous studies, and differences in reported outcomes.

### Women with a multiple pregnancy without previous PTB

In 2013, a Cochrane meta-analysis involving 3,395 multiple pregnancies found no significant effect of vaginal progesterone on preventing PTB \<34 weeks of gestation and perinatal death.[@b70-ijwh-8-633] Serra et al[@b72-ijwh-8-633] compared different dosages of progesterone (200 mg vs 400 mg progesterone), and similar results were obtained in both groups. An IPD meta-analysis by Schuit et al,[@b73-ijwh-8-633] involving 13 trials and 3,768 women, showed no difference in adverse neonatal outcomes between the progesterone (both vaginal and 17-hydroxyprogesterone caproate) and control group. However, in a subgroup of women with a short cervix (≤25 mm), vaginal progesterone reduced adverse neonatal outcomes, compared to the control group (RR 0.57; 95% CI 0.47--0.70). Further research should focus on the effect of progesterone in women expecting multiples with a mid-trimester short cervix. At present, there is insufficient evidence to routinely prescribe progesterone to women with a multiple pregnancy and a short cervix. However, given the present evidence, we support the use of progesterone within the context of RCTs.

### Women with a previous PTB

Research has shown that progesterone could reduce recurrence rates of spontaneous PTB.

In 2003, Meis et al[@b74-ijwh-8-633] performed a double-blind placebo-controlled trial involving 463 women with a history of spontaneous PTB. They reported a significant reduction in recurrence rate of PTB before 37 weeks in the progesterone group (RR 0.66; 95% CI 0.54--0.81).

In contrast, the recent OPPTIMUM study did not find a beneficial effect of vaginal progesterone in women with a previous PTB before 34 weeks in terms of reduction of PTB \<34 weeks or fetal death (OR 0.82; 95% CI 0.58--1.16) and adverse cognitive outcome at 2 years of age (OR −0.14; 95% CI −2.79 to −2.52). However, a positive effect was seen on the composite adverse neonatal outcome (OR 0.48; 95% CI 0.29--0.79).[@b71-ijwh-8-633] In addition, no long-term harm of progesterone was reported since no demonstrable effect on cognitive scores was seen at 2 years of age.

The Cochrane meta-analysis by Dodd et al[@b70-ijwh-8-633] showed that progesterone, in women with a past history of spontaneous PTB, significantly reduced PTB before 34 weeks when compared to the control group (RR 0.31; 95% CI 0.14--0.69). Moreover, there was an overall lower perinatal mortality (RR 0.50; 95% CI 0.33--0.75) in the progesterone group.

So far, no difference in the effectiveness of both vaginal and muscular (17-hydroxyprogesterone caproate) progesterone has been found. In conclusion, given the available evidence and positive point estimates of the OPPTIMUM study, we strongly advice the use of progesterone in women with a previous PTB.

Pessary
-------

The cervical pessary is a soft and flexible silicone device. It is folded and put around the cervix by a simple vaginal examination without causing any pain. Although the exact working mechanism is still unknown, pessaries may distribute the weight of the uterus on to the vaginal floor and relieve pressure on the internal os. Therefore, a pessary might prevent premature dilatation of the cervix and preterm rupture of the membranes.[@b75-ijwh-8-633] In addition, a pessary might support the immunological barrier between the chorion and vaginal microbiological flora, which helps to prevent PTB.[@b76-ijwh-8-633]

### Women with a singleton pregnancy without previous PTB

In a low-risk population with a short cervix, limited evidence is available for the prevention of PTB with a cervical pessary. A Spanish RCT by Goya et al[@b77-ijwh-8-633] including 384 singleton pregnancies showed a significant reduction of preterm delivery before 34 weeks in the pessary group compared to the expectant management group (OR 0.18; 95% CI 0.08--0.37) and reduction in PTB rates before 37 weeks (OR 0.19; 95% CI 0.12--0.30). A smaller Chinese RCT of 108 women in the same year could not reproduce these results. PTB before 34 weeks occurred in 9.4% and 5.5% in the pessary and expectant management group, respectively (*P*=0.46).[@b78-ijwh-8-633] Both studies shared similarities as the inclusion period and the cutoff of the cervical length (\<25 mm), however, with dissimilar results. In the Chinese study, lower PTB rates before 37 weeks were reported compared to those in the Spanish study (16.7% vs 40.5%). Therefore, it might be more likely to find a beneficial effect in the Spanish group. Further research must confirm the efficacy of a cerclage pessary in preventing PTB in singletons without a previous PTB, but with a short mid-trimester cervix. In our opinion, at present, a pessary in women with a short cervix without a previous PTB should only be placed within the context of an RCT.

### Women with a multiple pregnancy without previous PTB

There are conflicting results regarding the efficacy of a cervical pessary in preventing PTB in multiple gestations. A large RCT by Liem et al[@b79-ijwh-8-633] (PROTWIN) found an improvement of the neonatal outcome in a subgroup of 133 women with a cervical length \<38 mm (25th percentile) (RR 0.40; 95% CI 0.19--0.83). In this subgroup, PTB rates \<28 weeks and \<34 weeks of gestation were also lower in favor of the pessary group. In the total group of 808 twin gestations, neonatal outcome did not differ between the pessary and control group (RR 0.98; 95% CI 0.69--1.39). In 2016, a per-protocol analysis with the original PROTWIN data was published, and this confirmed the principal findings of the intention-to-treat analysis.[@b80-ijwh-8-633] Moreover, a recent trial by Goya et al[@b81-ijwh-8-633] with 137 women with a multiple pregnancy with a short cervix (\<25 mm) reported a significant reduction in PTB before 34 weeks of gestation in the pessary group compared to the control group (RR 0.41; 95% CI 0.22--0.76). Pessary use was also associated with less children born with a birth weight \<2,500 g (RR 0.72; 95% CI 0.54--0.97). Another recent trial, by Nicolaides et al,[@b82-ijwh-8-633] including 1,180 twin pregnancies without a specific cervical length cutoff, showed no effect of a cervical pessary on PTB rates \<34 weeks (RR 1.05; 95% CI 0.79--1.4) and adverse neonatal outcome (RR 1.09; 95% CI 0.85--1.4). The post hoc analysis evaluating 214 women with a short cervix (\<25 mm) did not change these results. At present, there is insufficient evidence to routinely place a pessary in women with a multiple pregnancy and a short cervix. However, given the present evidence, we support the use of pessaries within the context of RCTs.

### Women with a previous PTB

In the group of women with a history of spontaneous PTB, pessaries have been less evaluated. In the Spanish PECEP trial, 41 singleton pregnancies with a previous PTB were included. Overall, this study showed a positive effect of the cervical pessary. Spontaneous delivery before 34 weeks of gestation was significantly less frequent in the pessary group than in the expectant management group (OR 0.18; 95% CI 0.08--0.37), but no subgroup analysis has been performed for the group of women with a previous preterm.[@b77-ijwh-8-633] Alfirevic et al[@b83-ijwh-8-633] performed a study were they compared the effect of three management protocols in women with a previous PTB before 34 weeks and a short cervix. In this study, the outcomes of the 42 women in the Spanish PECEP trial were compared to 142 women with a cerclage (USA) and 59 women who received vaginal progesterone (UK). There were no statistically significant differences in perinatal losses, neonatal morbidity, and PTBs among the three groups. At this moment, there are ongoing RCTs evaluating the effect of a pessary in women with a previous preterm delivery and a short cervix. Results of these studies are needed to determine optimal management in this high-risk group. We support the evaluation of the pessary within the context of RCTs in women with a prior PTB.

Cerclage
--------

A cervical cerclage is a surgical intervention that has been used widely in the management of pregnancies regarded as at high risk of preterm delivery. The cervical cerclage is a securing suture around the cervix to prevent cervical shortening and opening.

### Women with a singleton pregnancy without previous PTB

So far, there is no evidence for the prevention of PTB in low-risk singletons with a short cervix only using a cervical cerclage. An RCT by To et al[@b84-ijwh-8-633] published in *The Lancet* in 2004 found no difference in the neonatal outcome and preterm delivery before 33 weeks. PTB rates before 33 weeks of gestation were similar in both groups, 22% (28 of 127) in the cerclage group versus 26% (33 of 126) in the control group (RR 0.84; 95% CI 0.54--1.31). An IPD meta-analysis of four trials showed a reduction of PTB before 35 weeks of gestation (RR 0.74; 95% CI 0.57--0.96). However, this meta-analysis also included women with a prior PTB.[@b85-ijwh-8-633] A meta-analysis from 2010 assessing the effect of a cerclage in women with a cervix \<25 mm showed no beneficial effect in preventing PTB before 35 weeks in the subgroup of women without a previous PTB (RR 0.84; 95% CI 0.60--1.18).[@b86-ijwh-8-633] Therefore, a cerclage is not recommended in women with a short cervix without a prior PTB.

### Women with a multiple pregnancy without previous PTB

Only limited data are available on the effect of a cervical cerclage to prevent PTB in multiple gestations. In 2015, a meta-analysis including 49 twin gestations with a short cervix (\<25 mm) has been published. The authors show no significant reduction in PTB \<34 weeks (OR 1.17; 95% CI 0.23--3.79).[@b87-ijwh-8-633] Moreover, rates of very low birth weight \<1,500 g) (adjusted OR 2.22; 95% CI 1.07--5.73) and of respiratory distress syndrome (adjusted OR 3.88; 95% CI 1.09--21.03) were significantly higher in the cerclage group than in the control group. A Cochrane meta-analysis that included five trials with a total of 1,577 randomized women reported no difference in PTB \<34 weeks (RR 1.16; 95% CI 0.44--3.06) and no reduction in a composite of perinatal death and neonatal morbidity (RR 1.54; 95% CI 0.58--4.11).[@b88-ijwh-8-633]

A recent retrospective cohort of Roman et al[@b89-ijwh-8-633] in asymptomatic twin pregnancies with a short cervix (\<25 mm) showed no difference in perinatal outcomes or PTB \<34 weeks (OR 0.37; 95% CI 0.16--1.1). In a subgroup analysis of women with a cervical length \<15 mm, the cerclage was associated with a significantly decreased PTB rate \<34 weeks by 49%, and prolongation of the pregnancy by almost 4 weeks, compared to the controls. At present, there is not enough evidence that a cervical cerclage is beneficial in preventing PTB for multiple gestations and may even be harmful. It is therefore not recommended.

### Women with a previous PTB

In women with a history of spontaneous PTB, two indications for a cerclage can be identified. History-indicated cerclages, also known as elective cerclages, and secondary cerclages, also known as ultrasound indicated (when cervical shortening is objectified).

History-indicated cerclage -- primary intervention
--------------------------------------------------

The effectiveness of a primary cerclage has been assessed in a number of studies. In 1993, an international multicenter RCT included 1,292 unselected women with an indication for a primary cerclage. In this study, women in the cerclage group less often delivered before 33 weeks of gestation (OR 0.72; 95% CI 0.53--0.97) compared to the expectant management group. In this study, a variety of indications for the cerclage were included such as previous PTB, but also twin pregnancy, prior cone biopsy, and uterine anomalies.[@b90-ijwh-8-633] A systematic review by Bachmann et al[@b91-ijwh-8-633] showed that an elective cervical cerclage has a significant effect in reducing spontaneous PTB \<34 weeks. A meta-analysis was not possible due to the large differences in the quality of the studies. Further research with a focus on the identification of women who would benefit from a primary cerclage is recommended.

Ultrasound-indicated cerclage -- secondary intervention
-------------------------------------------------------

Women with a high risk based on obstetric history and a short mid-trimester cervix could benefit from a secondary cervical cerclage. Berghella et al[@b92-ijwh-8-633] performed a meta-analysis evaluating the effect of a cervical cerclage in women with a previous spontaneous PTB and a mid-trimester cervical length \<25 mm. The authors showed a decline in the number of preterm deliveries before 35 weeks of gestation in the cerclage group compared to the control group (RR 0.70; 95% CI 0.55--0.89). PTB rates before 37 weeks, 32 weeks, and 28 weeks were also significantly lower in the cerclage group. Moreover, the composite adverse neonatal outcome was significantly reduced in the cerclage group (RR 0.64; 95% CI 0.45--0.91). A Cochrane review reported similar effects on PTB. Twelve studies involving 3,328 pregnant women were included. Compared to the control group, women in the cerclage group were less likely to deliver premature (RR 0.80; 95% CI 0.69--0.9). Nevertheless, this review did not found a significant reduction in perinatal morbidity and mortality. Cervical cerclage was associated with a higher risk of maternal side effects (bleeding, pyrexia, and vaginal discharge) and higher cesarean section rates (RR 1.19; 95% CI 1.01--1.40).[@b93-ijwh-8-633] In women with a previous PTB and a short cervix on ultrasound at mid-pregnancy, we support the use of a cerclage.

Current challenges
==================

The reduction of PTB is an important goal for health care professionals and governments worldwide. A reduction in PTB leads to the best start in life for babies and is the best way to ensure lifelong health benefits. It is our obligation to inform women of reproductive ages on the influence they have on reducing PTBs by a healthy lifestyle. Furthermore, we have to convince our colleagues to only use ART techniques when necessary and perform single-embryo transfer in case of in vitro fertilization in order to further reduce multiple pregnancies. In addition, we should persuade our colleagues to install a more conservative approach in case of abortion or nonviable pregnancies, in order to reduce the number of PTBs as a result of curettages. It is our obligation to stress the need for government campaigns to inform the public on PTB and the lifelong consequences. We must urge fundraisers to invest in research into pathophysiology and treatment of PTB in order to give babies the best start in life.

New developments
================

We describe several new developments in screening for PTB and preventive strategies.

Biomarkers
----------

One of the new focuses of research is using biomarkers as a screening target for PTB.[@b94-ijwh-8-633] A recent study by Cantonwine et al[@b95-ijwh-8-633] identified functional proteomic biomarkers that are unique in their expression at the first trimester (10--12 weeks) in women who will deliver spontaneously ≤34 weeks of gestation. In the future, after further validation, these factors might allow stratification of patients at risk for PTB and identify women who might benefit from preventive strategies.

Probiotics
----------

Probiotics as a preventive strategy for PTB have been reported in several studies, with conflicting results. A Norwegian study showed a possible preventive effect of probiotics through milk intake on spontaneous PTB.[@b96-ijwh-8-633] However, a meta-analysis by Dugoua et al[@b97-ijwh-8-633] in 2009 revealed no difference in gestational age in the probiotic group compared to the no-probiotics group (mean difference 0.4 weeks, 95% CI −0.4 to 1.2). Only three RCTs included in this meta-analysis reported gestational age; therefore, further sufficiently powered randomized trials are necessary.

Genetics
--------

Evidence suggests that important risk factors for PTB may be grounded in genetics. Epidemiological studies have shown that mothers who were born preterm themselves, or have sisters or maternal half-sisters who delivered preterm, are at higher risk of PTB.[@b98-ijwh-8-633] Segregation analysis of traits in families and concordance in parturition timing in twin gestations revealed that both maternal and fetal genetic factors account for the variation in gestational age at delivery. Maternal genetic factors accounted for 20.6% (95% CI 18.1--23.2) and fetal genetic factors for 13.1% (95% CI 6.8--19.4).[@b99-ijwh-8-633] New available technologies, such as genome-wide single nucleotide polymorphism array and whole-exome sequencing to identify rare alleles, can potentially help discovering genes and pathways that play a key role in human birth timing.[@b100-ijwh-8-633]

Ongoing trials
==============

Cervical pessary and progesterone
---------------------------------

Multiple ongoing trials are assessing preventive strategies for PTB. A case series of 43 women described a combination of cervical pessaries with intravaginal micronized progesterone to prevent PTB.[@b101-ijwh-8-633] A more recent article by Stricker et al[@b102-ijwh-8-633] in 2016 reported combined treatment with vaginal progesterone and pessary in 53 women. The combined strategy did not reduce the PTB rates before 28 weeks, 32 weeks, 34 weeks, and 37 weeks. Compared to the pessary alone group, the composite adverse neonatal outcome was similar in both the progesterone and pessary groups (OR 1.03; 95% CI 0.34--3.09).[@b102-ijwh-8-633] These studies lack power because of the small groups; therefore, it remains unclear whether this combined therapy might lead to a reduction of spontaneous PTB.

Furthermore, an ongoing study evaluates whether a cervical pessary can replace a cervical cerclage in women with at least one previous PTB and an indication for a primary or secondary cerclage in terms of effectiveness. The results of this study (PC-study[@b103-ijwh-8-633]) help to determine the best treatment for preventing PTB in this high-risk group.

Aspirin
-------

A Dutch ongoing trial (APRIL[@b104-ijwh-8-633]) assesses low-dose aspirin as a preventive strategy for recurrent PTB. Several secondary studies and IPD meta-analysis showed a positive effect of low-dose aspirin on spontaneous PTB; therefore, this intervention seems promising.[@b105-ijwh-8-633],[@b106-ijwh-8-633]

Future prospects
================

As described in this review, new developments in obstetric care will have to provide better information on who is at risk for preterm delivery and how to prevent this. To develop the best possible care for pregnant women and their newborns, it is important to get a better grip on what is known already and define the gaps in the knowledge. To do so, outcomes must be measured in a universal way. The GoNet (Global Obstetrics Network) initiative was founded by international investigators to standardize outcomes for PTB studies. A core outcome set is developed with an international multidisciplinary perspective to ensure that data from PTB trials can be compared and combined.[@b107-ijwh-8-633] This combination and pooling of data can be used in the performance of an individual participant data meta-analysis.[@b108-ijwh-8-633] Ongoing (prospective) IPD meta-analysis on pessaries in both singletons and twins and an IPD meta-analysis on progesterone in singletons will hopefully give new perspective on how to prevent PTB in these groups.

It is known that implementation of new findings often is a time-consuming process. With the results of the ongoing IPD meta-analysis, new evidence-based national and international guidelines will be developed. In these guidelines, the implementation of universal cervical length screening and use of progesterone in women with a previous PTB must be brought to attention.

Since research is developing and more techniques to prevent PTB will be assessed, patients must be informed about these findings. Patient organizations can help by informing their members on ongoing research and new insights. In this way, patients can make an informed choice to participate in ongoing studies and discuss new strategies with their caregivers. Furthermore, patients must be part of the development of new guidelines and patient representatives can help doctors to find acceptable preventive strategies. A strong collaboration between doctors, patients' organizations, pharmaceutical companies, and (international) governments can improve prevention of spontaneous PTB.

Conclusion
==========

Prevention of PTB is one of the main obstetric goals. For an optimal prevention of PTB, risk stratification should be based on a combination of (maternal) risk factors, obstetric history, and screening tools. In singleton or multiple pregnancies with a short cervix, without previous PTB, a pessary or progesterone might prevent PTB. In women with a (recurrent) PTB in the past, progesterone and a cerclage may prevent recurrence. The effect of a pessary in these high-risk women is currently being studied. Furthermore, (ongoing) research evaluates the role of biomarkers, probiotics, and genetics in PTB. Researchers, doctors, patient's organizations, and governments must collaborate in the prevention of PTB. By doing so, we give babies the best start in life and ensure lifelong health benefits.
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